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COMPATIBILITY OF METALS WITH LIQUID FLUORINE AT
HIGH PRESSURES AND FLOW VELOCITIES

By Harold W. Schmidt

SUMMARY

Specimens of various metals in selected geometric configurations
were exposed to liquid fluorine under controlled conditions of flow and
pressure. None of the metel samples eroded, decomposed, or exhibited
any measureble physical or chemical changes. In a run made with a Teflon
semple, instantaneous chemical regctlon and decomposition occurred.

Fluorine was forced through 0.0Ll35~inch-inslide-dlameter metal ori-
fices with pressures up to 1500 pounds per sguare inch and velocities up
to 376 feet per second; the meximum cumulative flow time per specimen
was 1 hour and the minimumm was 22 minutes. Larger orifices were sub-
jected to even higher velocities (over 400 ft/sec) for periods up to
60 seconds. Only g slight yellowish color eppeared on the upstream side
of nickel and seluminum orifices. The brass orifice appeared slightly
darker, and the stainless steel appeared etched.

Impact plates of stalnless-steel weld slag and aluminum sustained
fluorine enviromments with pressures from 100 to 1350 pounds per square
inch and velocities from 136 to 355 feet per second for nearly 60 seconds
without effects other than slight discoloration. No reaction was pro-
duced by sharp-edged turbulence test wedges of stainless steel, aluminum,
and brass at velocities up to 169 feet per second.

Reynolds numbers as high as 2,580,000 were attained in 3/4-inch
stainless-steel tubing submerged in liquid nitrogen. Sections of 1/4-
inch tubing withstood fluorine flow velocities of over 80 feet per second
and corresponding Reynolds numbers of approximately 600,000 wlthout being
immersed in liquid nitrogen. This would indicabte that high flow ratbes
alone are not respomsible for failure of metallic fluorine-system
components.

Two rotating-vane flowmeters were tested. A type with bell-bearing
rotor shaft supports operated satisfactorily; one with bushing-type
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bearings was inoperative in all runs because of mechanical fallure at
liqpidynitrogen temperatures.

INTRODUCTION

Fluorine 18 one of the most reactive of all oxidizing agents, and
it is capsble of reacting with nearly all materials. Because of this
high resctivity, failures have frequently occurred in fluorine systems.
The exact cause of fluorine-system failure is seldom known, since the
violence of the reaction generally destroys the evidence. The cause can
sometimes be deduced, however, from the effects of the fallure. Reac-
tlons of fluorine that cause these fallures are thought generslly to be
initiated by onrne or more of the followlng conditions:

(1) Improper choice of materials -

(2) High flow velocity with resulting turbulence and impact effects
(3) High pressure |

(4) Exposure of sharp edges or corners to fluorine flow

(5) Conditions occurring from high-velocity flow through pinhole
leaks _

(6) Contamination causing localized reactions

This investigation was made in an effort to determine the extent to
which any of these conditions contributes to fluorine-system failures.

Metals generally considered to be suitable for fluorine flow systems
were tested for compatibility when exposed to controlled fluorine envi-
romments. Specimens of nickel, stainless steel, aluminum, and brass were
constructed in three basic configurations, representative of those com-
monly found in flow systems:

(l) Orifices for producing high ve;pqities and simulating leaks
(2) Flat-faced plugs for impact tests

(3) Trianguler wedges for turbulence effects and the exposure of
sharp edges and corners to fluorine flow

These specimens were exposed to flow velocities up to 400 feet per second
at pressures up to 1500 pounds per square inch. In addition, a Teflon
wedge was tested for compatibility with liquid-fluorine flow at 50 pounds
per square inch gage.
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Most of the tests were run with the apparatus submerged in liguid
nitrogen at -320° F; several runs were made with samples of metsl tubing
initially at ambient temperatures.

APPARATUS

The fluorine flow system consisted of two stainless-steel tanks
mounted in an insulated liquid-nitrogen container. A pair of 3/4-inch
stainless-steel flow lines wilth appropriate control valves was installed
between the tanks so that fluorine could be cycled at high pressure from
one tank to the other through elternaste paths (fig. 1).

Each tank was fitted with a modified 3-way velve for pressurizing
and venting. These modified valves, equivalent to two standard valves
mounted on a "T" fitting, minimized the number of velves and valve con-
nections in the apparatus. The three control valves (fig. 1) and both
three-way velves were equipped with stainless-steel bellows-seal assem-
blies instead of the standard valve-stem packing; valve bodies were monel
or stainless steel. Control-valve bellows were pressure-equalized di-
rectly with the tank pressure. Pnewumatic actuators were used on all
valves for remote control.

Three types of connections were used in constructing the flow sppsa-
ratus. Permanent lines and flttings were welded by means of the standard
V-notch welding technique; all the welded Joints in the spparstus were
X-ray photographed to ensure good weld quelity in order to eliminate pos-
sible uncontrolled failures. All removable sections had flanged connec-
tions; the flange faces were serrated with concentric rings that pressed
into soft annealed gluminum gaskets l/lG-inch thick. A third type of
connection was used for valve dnstallastion: Flanged nipples were screwed
into the threaded sections of the valve bodies and silver-soldered or
Nicro-brazed in place, depending on the valve-body material; this elim-
inated the unreliability of the ordinasry threaded connectlon in fluorine
service.

An electrical safety system was incorporated by wrapping a1l crit-
ical parts of the flow system with wire. Thus, a fluorine burnout would
burn through the wire, breek the clrcult, and so cause all pressurizing
and flow valves to close and both vent valves to open.

Typical test-piece configurations are shown in the schematic
sketches of figure 2. DPinhole orifices (0.0lSS-in. and 0.025-in. I.D.)
and sharp-edged orifices (0.125-in. I.D.) were used for simulating leaks
and determining erosion and reaction effects of high-veloeity fluorine
flow. Rounded-approasch orifices (0.125-in. I.D.) were used to impinge
fluorine against impact specimens at high velocities. Sharp-edged wedges
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were inserted into the flow system to study the effect of severe turbu-
lence and the exposure of sharp edges to fluorine flow.

Iwo series of runs were made to determine the effect of high pres-
sures, high flow velocities, and sudden compression on stalnless-steel
and aluminum tubing without the benefits of liquid-nitrogen jacketing.
Flanged adapters were attached to 1l2-foot lengths of l/é—inch-diameter
tublng. At the 6-foot point, a standard "T" fitting was instelled with
8 4-inch, closed-end compression tube connected to the open leg (fig 2).
The purpose of the "T" section was simply to eggravate the conditions by
creating discontinulty in the lines and to provide greater possibility
of adiabatlc compression of gas bubbles in the fluid in an attempt to
create localized "hot-spots.’ . '

To establish the feasibllity of using rotating-valve-type flow-
meters for liquid-fluorine service, two such flowmeters were installed
in the apparstus with an l/B-inch-diameter orifice located downstream of
each meter. With this system, the meters were subjected to high pres-
sures, while the downstreem orifice maintained reasonable flow rates.
One flowmeter was stainless steel wlth ball-bearing rotor mounts. The
other was brass with a stalnlesgs-steel rotor and brass, bushing-type
rotor-support bearings.

In addition to these test pieces, the tublng, fittings, valves,
lines, and tanks of the flow apparatus were also evaluated for competi-
bility with fluorine.

PROCEDURE

To eliminate fluorine-system failures caused by contaminents, par-
ticular emphasis was placed on the cleaning, surface passivation, and
assembly techniques used to prepare the gpparatus for fluorine service.
These techniques were evolved from past experiences and practices in =
handling liquid fluorine. The following procedure is now considered to
be good standard practice: T

Parts of the apparatus are first exemined for burrs, metal shavings
and filings, organic material, and dirt that can be removed mechanically
or with sultable solvents. Each part is then washed with a 1lO-percent
solution .of nitric acid and rinsed with water. A drying agent such as
acetone is used to remove the water and residual contaminsnts, after
which the parts are thoroughly purged and dried with nitrogen or helium
gas. In design and during assembly, care should be taken to avoid pock-
ets or crevices, since a smooth and continuous surface is desirable in
order to avoid the trapping of conteminants.
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After assembly, the system is pressure-tested with inert gas (helium
or nitrogen) at 125 to 130 percent of working pressure. In addition to a
timed pressure test, all joints, seals, and connections are biubble-
checked wlth a soap solution. When & leak-proof system has been obtalned,
the system is vented and evacuated to remove any remaining volatiles.

Fluorine gas is introduced &t pressures from 50 to 100 pounds per
square inch gage and i1s held for a total of 8 to 24 hours for complete
passivation (or pickling) of the fluorine system. The system is then
ready to be put into service.

Fluorine was loaded by condensing the gas into the tanks immersed
in liquid nitrogen. The quantity of fluorine used in 'each series of runs
was measured by observing the initial and finsl pressures and temperatures
of ‘the fluorine gas-storage system. After each series of runs, the nitro-
gen jacket was drained, and the fluorlne wes allowed to evaporate back
into the storasge containers. Unrecoverable or residusl fluorine was dis-
posed of by pessing the gas through & carbon-fluorine reactor (ref. 1).
When not in use, the test epparatus was kept at a slightly positive pres-
sure with helium in order to prevent accumulations of moisture or con-
taminants in the air from entering the system.

The experimental runs were made with two speclmens mounted in the
apparatus each time. Arrangements of the test sections are shown in fig-
ure 3. Fluorine was forced through the first test section at high veloc-
ity, from one tank to the other, by means of helium pressurizing gas.

The return pass was made similarly through the second test section. Flow
times for each run were obtained from the recorded pressure profile of
the receiving fluorine tank.

Thermocouples were imbedded in the specimens at points where pres-
sure and velocity conditions were most severe. The temperatures were
recorded on strip-chart recorders, with a control system that tripped
an automastic shutdown circuit if a tempersture increase of more than 20°
F occurred.

After exposure to the programmed conditions, test specimens were to
be evaluated by the following criteria:

(1) Changes in weight

(2) Chemilcal decomposition, erosion, and other surface effects by
visual examination, microphotographs, end electron
diffractions

(3) Temperature increase in the test-piece tip during the test by
means of the thermocouple inserts
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RESULTS AND DISCUSSION

This investigation was conducted under controlled conditions with
the apparatus submerged in liquid nitrogen at -320° F. These conditions
were expected to reduce the rate of chemical or mechanical asttack so
that the initiating factors could be isolated and the effects quantita-
tively measured. However, there were no cases of progressive chemical
attack on any of the metallic specimens. The most significant result of
high-pressure, high-velocity fluorine flow on the metals tested was the
evident resistance to reaction. WNo erosion, decamposition, or measur-
able change in weight occurred. A tabulation of the experimentsl condi-
tlons and exposure times is presénted in teble I.

Flow Through Orifices

Fluorine was forced through pinhole orifices (0.0135-in. I.D.) with
velocities from 184 to 376 feet per second. Maximum sccumulated flow
time per specimen was 1 hour; the minimum was 22 minutes. Larger ori-
fices (0.025:in. I.D. leak-simulator and 0.125-in. I.D. rounded-spproach)
were subjected to velocities of approximately 400 feet per second for
periods up to 60 seconds. Although the spparatus had been thoroughly
cleaned and pickled, a small smount of metal-fluoride sediment was formed
in the process of surface passivation. Occasionsally this material would
accumulete near the leak-simulator orifices and partially block the open-
ings. These openings were cleared by reversing the flow direction momen-
terily or by blowing helium through the orifice 1n the reverse direction.

A slight yellowish discoloration appeared on the upstream slde of
the nickel and aluminum orifices. The brass orifice appeared slightly
darker after exposure to fluorine, and the stairless-steel orifice had a
frosted appearance; as in nickel and aluminum, these effects were greater
on the upstream side of the orifice plate._ The degree of diseolorstion
corresponded to the fluoride film formed on the surfaces of the differ-
ent materials, the higher pressures and longer exposure times producing
heavier or darker f£ilms.

Impact and Turbulence Tests

Fluorine was impinged against impact specimens at velocities up to
350 feet per second, and sharp-edged turbulence test wedges were exposed
to fluorine flow rates of 169 feet per second. Total exposure times
varied from 3 to 58 seconds. The brass and aluminum turbulence wedges
exhlbited film formations similar to those on the orifices. These pro-
tective fluoride films were extremely thin; even the most minute surface
scratches could be seen through them.

- R06%
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Thermocouples imbedded in the specimens recorded nearly constant
temperatures throughout the runs. Very slight deviations were observed
during the turbulence tests; these probably were caused by the transfer
of heat from the compressed helium to the specimen after the liquid
fluorine had passed.

Flow Through Tubing

The tests with 1/4-inch-diameter stainless-steel and aluminum tubing
were mede by suddenly releasing liquid fluorine at 1500 pounds per square
inch gage into the tubes, which contained gaseous fluorine at ambient
temperature. The resulting compression, followed by velocities as high
as 87 feet per second, had no adverse effects on the system. The results
of the cumulative exposure of the tanks and lines of the apparatus to the
conditions of this investigation were similar to those observed on the
individuel specimens. The stainless-steel surfaces appeared to be slight-
ly dulled and etched. The Reynolds numbers obteined, shown in table I,
ranged from 88,000 to 632,000 for the l/4-inch tubing and as high as
2,580,000 for the 5/4—inch apparatus flow lines.

Flowmeters

Six runs were made through the rotating-vane flowmeters with pres-
sures inereasing to a maximum of 1200 pounds per square Inch gage. Ap-
proximately 60 pounds of fluorine was measured over a total exposure time
of 66 seconds. The flowmeter with bell-bearing rotor supports operated
satlsfactorily in all six runs. The number of cycles per second is in
linear agreement with the fluorine flow rate in five of the runs. The
devigtion in run 3 was probably‘'due to operational error. However, upon
inspection it was found that the rotor-mount retainer rings had become
dislodged. Further operation might hasve caused fallure. These retainer
rings were probably loosened when the instrument was submerged in liquid
nitrogen.

The flowmeter with bushing-type beasrings spparently failed when sub-
merged in the liquid nitrogen. The rotor was "frozen" throughout the
tests. Later inspection revealed longitudinel failure of the rotor shaft
due to compressive forces. This may have been caused by the difference
in the expansion coefficient between the brass housing and the steel
rotor shaft. There was no evidence of fluorine sttack on the instrument.

Miscellaneous Results

A special test was made with a triangular-wedge turbulence-test spec-
imen made of Teflon (polytetrafluorocethylene) in order to confirm its
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reactivity with liquid fluorine under dynemic conditions. Teflon had
previously been tested stetically in liquid fluorine at 1500 pounds per
squere lnch gege wlthout reactlon (ref. 2) and has been used success-
fully for valve stem packing and gasket material by avolding direct con-
tact with liquid-fluorine flow.

Under the flow conditions of this present run, failure was sponta~-
neous and violent at 50 pounds per sguasre inch. Reaction began immedi-
ately after the fluorine flow valve was opened, and & small piece of
Teflon wes blown clear of the reaction area. The remaining part was un-
changed; chemicgl reasction had occurred evenly over its entire surface
ares and had resulted simply in diminishing the size of the original

plece. A photograph of the reacted test specimen, together with the orig-

inal configuration, is shown in figure 4. The backup flange used to
clamp the specimen in the housing had a 3/4-inch hole through its center,
so thet the Teflon base acted as its own blowout disk. This feature, to-
gether with the inhibiting effect of the liquid-nitrogen bath, prevented
demage to the rest of the system. '

The fact that Teflon withstood the static exposure to liquld fluo-
rine and yet failed in the dynemic test is of particular interest. Met-
als form s protective fluoride surface film when exposed to fluorine;
Teflon, on the other hand, tends to react with fluorine to break down -
the polymer and forme saturated low-molecular-weight fluorocarbons, such
as CF, (refs. 3 and 4). These fluorocarbons would not adhere to the
Teflon surfece in a dynamic system and, therefore, would be of no value
as a protective £ilm.

SUMMARY OF RESULTS

The followihg results were obtained from repeated exposure of métal
specimens to liquid fluorine under dynamic conditions:

1. No measursble physical erosion or chemical attack occurred with
nickel, stainless steel, sluminum, or brass.

2. All the configurations tested were found to be acceptable for
fluorine systems under the conditions imposed; these included orifices,
sharp-edged wedges, and impsct plates.

3, Flow velocities up to 400 feet per second at pressures up to
1500 pounds per square inch gage failed to cause erosion or to initiate
chemical reaction of the metal specimens with liquid fluorine.

4, Sudden release of high-pressure liquid fluorine in metal tubes
containing gaseous fluorine without liquid-nitrogen Jacketing had no
effect on the system. . .
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5. Two rotating-vene-type flowmeters wgre tested without the failure
attributed to high-pressure fluorine flow, although one meter failed
structurally after reaching liquid-nitrogen temperature.

6. Teflon did not resist attack when exposed to liquid-fluorine
flow.

CONCLUDING REMARKS

The results of this investigation show that turbulence, fluid friec-
tion, and impact effects resulting from high-pressure, high-velocity
liquid-fluorine flow through clean tubing or past irregularly shaped or
sharp-edged objects are not likely to initiate fluorine-system failures.
The successful operations achieved in this series of compatibility tests
can be attributed to the meticulous care that was taken in the assembly,
cleaning, and passivation techniques used before exposure of the system
to severe dynamic fluorine gervice. Therefore, improper choice of hard-
ware, poor assembly technigues, and inadequate cleaning and pickling
procedures are consldered to be the primary cause of fluorine-system
failures.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Chio, April 17, 1958
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TABLE I. - COMPATIBILITY OF METALS WITH LIQUID FLUORINE AT HIGE PRESSURES AND FLOW VELOCITIES §
Configuration Material Experirental comditions Remarks
Initial AP, Fluorine, Tine, HFlow Veloaity,
pressure, | 1b/8q in. 1b sec rate, t/sec
' T - 1b/sq in. 1lb/meo
Bage
Leak-simulator orifice;| Aluminum 525 3717 528 ©.0183 84
0.0135-in. I.D., {24 sT) 1012 8B4 340 .0203 293
/D = 27.78 1800 1432 8435 .02es 287 Slight yellowish discoloration
1460 1438 424 0360 372 on upstreaa side of orifice
1338 1339 432 0853 385,
{36 min}
8tainless 1388 1228 7.7 ag1e 0.0287 297
steel (347) 1350 1206 i7.7 578 0308 517
1500 1376 13.88 as18 0267 276 8light frosted or etched effect
1510 1380 13.85 488 0284 205 o upstream side
15086 1443 13.88 472 0294 503 Less affected on downatream
1812 1408 13.85 480 .028% 299 side
1800 1398 15.85 500 0277 288
60.9 min)
Brass 1495 1396 12.43 4t 0.036 378
{64 SE) 1500 1380 15.28 2g70 .023 258 8lightly darker after exposure L
EE 1465 1424 15.25 440 .035 388
T (24.2 min)
. Nickel 1100 1016 11.92 296 0.01713 177 ’
= 1413 1338 11.92 2818 01938 200 S1ight yellowiph discoloratiom 3
. B4 on upstream side
(21.9 nin)
Leak-simuletor orifice;|Aluminum 1453 1315 17.7 132 0.13¢ 417 N
0.025-in. I. D., (soft) 1465 1360 17.7 130 .158 410
I‘/b =5 . 1486 1302 13.85 110 .126 380 —
. 1500 1282 15.85 110 .126 379 Slight frosted appearance om
1495 1326 15.85 107 130 330 both sides _
1492 1391 13.85 108 .128 586
1505 1575 13.85 106 »13) 39
. 10488 -1
™ (15.4 min)
Sharp-edged orifice; Aluminum 785 508 10.45 5.8 1.5¢ 188
1/8-in. I. D. (soft) 1480 1203 10.45 4.4 2.38 286
1465 1169 10.45 4.8 2.27 273 3lightly ocoated on downstream
' : 1440 44 10.45 4.8 2.27 side; frosty appearance
1452 1159 10.45 4.0 2.61 315 !lighti: etched on upstream
1485 1198 10.45 4.6 2.27 2713 side
1470 1192 10.485 4.0 2.6} 351
B T
Brass 1008 778 9.74 5.7 1.71 208
{64 3E) 1482 1206 9.74 4.9 1.99 240 -
. 1249 9.7¢ £.2 .52 279 .
1498 1226 8.74 4.5 2.18
- 1504 1223 8.74 4.8 2.03 246
‘ i 1484 1232 9.74 *.7 2.07 248 Purple disgoloration on down-
1500 1223 9.74 4.8 2.03 241 stream side of orifice
1483 1255 9.74 4k 2.21 257
1180 9.74 4.7 2.07 249
1465 1534 9.74 4.4 2.21 256
1500 1358 9.74 4.0 2.43 283
wor T
Stainlesa 83 85 9.97 20.5 0.485 58.4
steel (304) 121 114 8.97 18.0 .g22 74.9
300 278 8.97 9.0 1.108 133.3
408 39l 9.87 8.1 1.085 131.8
1008 a1l .97 5.0 .88 200.0
1202 850 9.87 S.44 1.85 220.0
. (i y
. (1.1 win)

80rarice ologged.
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TABLE I. - Concluded. COMPATIBILITY OF METALS WITH LIQUID FLUORINE AT HIGE FRESSURES AND FLOW VELOCITIES

Configuration Materisl Experimental eonditions Razarks
Initial s Fuorioe, Tize, Ylow Velocity, | Reynolds
3, » | 1b, in. 1i» sac rate, ft/aen numbar,
rl;lq in. hb/sec Re
344 1206 11.92 5.78% 3.17 355
1382 11.92 4.5 2.8%5 348
102 a5 9.74 8.8 1.13 136
704 .74 5.8 2.12 201
1476 phy, ] .74 4.2 2.32 arg
Impact plate Bhi'nltl! 1485 nrs .74 hk 2.1 200 Very slight etached effect, but no
with 1480 1219 2.74 3.3 2.95 350 ag nt attack on impact sazple
'l'lld alag’ 1471 1168 $.74 4.6 2.12 280 su.;gtr;auwxm discoloration on
(304) 1496 1196 .TE 4.8 2.18 282 upstresm side of orifice
1480 1176 .74 4.0 2,43 233
Round-edged orifice; Hiokel 1495 1183 .74 4.2 2.32 284
1/8-tn. I. D. 1480 1537 874 3.9 2.50 301
300 1349 3.74 4.0 2.43 293
. B57.8
80a 588 10.45 1.78 214
Iapact plate Alcuinus 1470 1195 190.49 2.49 239
with {saft) 1475 1172 10.48 2.x8 62 S1tght etohed effect on impact
1470 1180 10.45 2.27 ¥ e sauple
.d.-nifed ovifioe; Stainiess 1488 1168 10.45 2.38 288 !o offect oca orifice excspt slight
~in. 1. D. lkl} 1455 1169 10.45 2.43 295 uish cast oo downstreas aide
{30t 1460 1ne? 10.45 2.27
.15
}\mbulenct t’lt wedge m.lﬂ.zn ) Eg 56“2’ i:ig ﬁ:_t,
sharp-edged steel (347 7 - .
i 1330 886 16.35 26.38 ¥o effect
1404 878 ég.ss i14.1¢
?rlll 1519 00 10.2 11.3
84 SE) 1383 1036 10.2 20.4 Ye slight frosted appesrance;
1288 1028 10.2 17.8 [ tly iighter in color than
1100 10.2 15.6 parent metal
0.8
?l\lﬂ!lll 1443 1200 16.385 23.4 155.0
soft) 1260 761 16.38 5.2 34.4 All four aides of saxple had sooty
1370 arz2 16.38 5.3 39.4 film or ccating. Not td.harentj
1238 721 16.35 .3 54.0 rubbed off eas. Did not
a7s 18.33 5.9 39.8 to be in metal mru. ut m .l.t'
1293 1057 10.20 17.6 117.0 zetal underneath was unchanged
1387 1267 10.20 17.9 11s8.0
1391 0. 20 5.5 168.
Teflon 80 50 —— — —— Immediate ignition on contact
1/4-In. tubirg; 0.1288- | Staimless [P0-120 us 11.0 17.4 g8,
in. I, D., length = teel bo-420 387 1.0 45.4 232,000 A1 runs with 1/4-in. tubirg made
11.3 £¢ zSOl) b0-1017 T 11.0 a8.7 357,000 without liquid-nitrogen bath.
b0-1505 1287 11.0 al.7 000, Initial tecperature, 75% F
1/4-In. tubing; 0.182- Alumimx Bg_133 18 11.0 24.4 178,
in, I. D., leagth = (5052 50) ba_t30 385 .o 28.4 205,000 All runs with 1/i-in. tubing mate
12.2 bo-1010 768 11.0 B82.0 377,000 without liquid-nitrogen bath.
bo-1 1 1.0 4.8 614,000 Initial temperature, 75° F
Po-1485 1512 a1.3 852,
3/4-In. tubing Stainless 1280 — 18.35 J.14 5.2 17.8 524,000
teel 1570 — 18.35 3.10 3.3 20.3 £00,000
304) 1380 — 18.55 2.15 5.9 20.4 802,000
1340 — 18.35 1.86 8.3 28.6 843,000
1540 — 18.35 1.2¢ 135.0 4.5 1,315,000 The .'q/l—!.n tublng m pert of
1350 — 16.38 1.1¢ 14.3 48.3 1,370,000 the test apparatu
— 18.35 1.0 15.4 55.8 1,850,000
1381 — 10.2 -9 18.2 62.1 1,836,000
— 18.3% T 25.4 7.4 2,114,000
— 10.2 3 25.8 87.3 2,880,000,
Cycles®
per secord
ncuth‘- flowmetsr, su.uun- a5 —_— 0.465 48.
bali-b (stainless 121 .6224 81 Rotor-mount retainer x. alightly
steel m ar (316. G?O. 300 1.108| 5.0 eroded and loose; would bave
430, 440) 408 1.095] 209.5 affected running on scontimued
1008 1.68 16%.0 operation
1202 1.83 1835.0,
Rotating-vane flow=a » | Brass T2 —_— —— Xo flow indication in any of six
bu.lhing:bnrin‘ F—tu.n 110 runsg
lenn ateel rotor 210 Xo apparent fluorine attack
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Figure 1. - High-pressure fluorine flow epparatus.
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(f) Test section for fluorine flow test without liquid-nitrogen bath.

Figure 2. - Test specimen configurations.
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(c) Setup for testing turbulence wedges.

Flgure 3.

- Flow diagram showing test-section errangement.
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Flgure 4. - Teflon turbulence specimen exposed to fluarine flow.

(a) After exposure.




